Background: Suspected appendicitis is a common non-obstetric indication for emergency abdominal surgery during pregnancy.
INTRODUCTION
The most common indication for emergency non-obstetric abdominal surgery during pregnancy is suspected appendicitis, affecting up to 0.3% of pregnancies. 1 Rates are similar among pregnant and non-pregnant women. 2 While the diagnosis of appendicitis is usually based on patient history and clinical examination, physiological changes associated with pregnancy and non-specific symptoms make the diagnosis of appendicitis in pregnancy difficult. 3 Effectiveness of abdominal ultrasound may be limited by the pregnant anatomy and computed tomography (CT) imaging is generally contraindicated because of ionising radiation exposure. 4 Delays in treatment could lead to appendiceal perforation, which is associated with adverse pregnancy outcomes.
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O R I G I N A L A R T I C L E
Appendicectomy during pregnancy and the risk of preterm birth: A population data linkage study holds information on all registered deaths in NSW, while the NSW Perinatal Death Review database contains data from confidential reviews of perinatal mortality cases. Diagnoses and procedures within the hospitalisation data were coded from medical records according to the International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision, Australian Modification (ICD-10-AM) and Australian
Classification of Health Interventions (ACHI), respectively.
Record linkage was performed by the Centre for Health Record
Linkage using probabilistic data matching methods, with false positive and false negative rates of <5/1000. 12 Ethics approval was obtained from the NSW Population and Health Services
Research Ethics Committee (2012/12/430).
The exposure of interest was appendicectomy (ACHI codes:
30571-00, 30572-00) in the presence of an appendicitis diagno- Primary outcome was preterm birth (<37 weeks), which was further categorised as spontaneous or planned (resulting from labour induction or pre-labour caesarean section). Pregnancyrelated secondary outcomes included: time from surgery to delivery, antepartum haemorrhage, postpartum haemorrhage, mode of birth, length of appendicectomy hospital stay, maternal readmission within 42 days postpartum and maternal morbidity.
Maternal morbidity was ascertained using a validated composite measure outlining serious maternal conditions occurring during the birth admission. 16 Acute abdomen (including appendicitis and peritonitis) was excluded from the maternal morbidity measure (Table S1 ).
Neonatal outcomes included: low Apgar scores (<7 at 5 min), small for gestational age (<10th population birthweight percentile), 17 neonatal readmission within 28 days of birth, length of hospital stay, neonatal morbidity and perinatal death. Neonatal morbidity was a validated composite measure of serious adverse neonatal conditions occurring prior to the first discharge home.
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Perinatal mortality included stillbirth (fetal death ≥20 weeks gestation or ≥400 g birthweight) and neonatal death (death of a liveborn infant within 28 days of birth). 
Statistical analysis
Descriptive statistics were used to summarise the characteristics of the study population. Lifetables were used to evaluate the proportion of undelivered pregnancies by gestational age at appendicectomy compared to pregnancies without appendicitis.
Temporal trends in appendicectomy rates were assessed using the Cochran-Armitage test for trend.
Preterm birth risk was assessed using time-to-event analysis.
Crude and adjusted hazard ratios (aHR) and 95% confidence intervals (CI) were estimated using Cox proportional hazard models.
The event was defined as preterm birth and all term births were censored at 36 completed weeks. In assessing preterm birth risk among women with appendicectomy compared with those without appendicitis, analysis was based on the duration of pregnancy from conception to birth or 36 weeks completed gestation, whichever occurred first. Multivariate models were adjusted for maternal (age, country of birth and smoking status) and pregnancy (baby's birth year) factors.
Similarly, time-to-event analysis was used to determine if surgical approach affected preterm birth risk. Pregnancies with appendicectomy performed at ≥37 weeks were excluded as they
were not at risk of subsequent preterm birth. Multivariate models were adjusted for maternal (age, socio-economic status) and pregnancy (gestational age at appendicectomy admission and baby's birth year) factors.
Modified Poisson regression with robust error variance was used to model the crude and adjusted risk ratios (aRR) for secondary outcomes. As a result of the number of comparisons, statistical significance for multivariate models was determined by a P-value of <0.01 to minimise the probability of false positive results. Potential confounders were included in multivariate models if P < 0.05 in univariate analyses.
Sensitivity analyses were carried out excluding pregnancies with appendicectomy and caesarean delivery occurring during the same admission. All analyses were undertaken using SAS for Over the study period, the rate of open appendicectomies decreased from 0.53 to 0.25/1000 singleton births (P trend < 0.001)
offset by an increase in laparoscopic appendicectomies from 0.12 to 0.90/1000 singleton births (P trend < 0.001).
Compared to pregnant women without appendicitis, those who had appendicectomy were more likely to be younger, Australian-born, smoke and have a chronic medical condition (Table 1) . Laparoscopic appendicectomies were more likely to be performed at earlier gestational ages while open appendicectomy was more likely to be performed among women with a chronic medical condition or those from socio-economically disadvantaged backgrounds (Table 1 
Preterm birth
There were higher rates of preterm birth following appendicectomy than in women without appendicitis (10.6 vs 5.9%) ( Table 2 ).
Among pregnancies with appendicectomy, the preterm birth rate increased with gestational age at appendicectomy. Overall preterm birth rates were 7.6% (<24 weeks), 12.9% (24-28 weeks) and 35.2% (29-36 weeks); while planned preterm birth rates were 3.2%
(<24 weeks), 5.4% (24-28 weeks) and 26.1% (29-36 weeks). Of 181 pregnancies with appendicectomy performed at ≥24 weeks, 32 (17.7%) gave birth during the appendicectomy admission and 15 (8.3%) gave birth at less than 34 weeks. Table 3 shows the proportion of undelivered pregnancies by gestational age at appendicectomy compared to pregnancies without appendicitis, excluding pregnancies where appendicectomy and caesarean delivery occurred in the same admission. After adjusting for maternal and pregnancy factors, there was increased risk of preterm birth, especially planned preterm birth among pregnancies with appendicectomy compared to those without appendicitis (Table 2) .
Excluding pregnancies with appendicectomy and caesarean section in the same admission, the risk of planned preterm birth (aHR 1.42, 95% CI 1.02-1.98) was similar to the risk of spontaneous preterm birth (aHR 1.38, 95% CI 1.04-1.85).
Crude preterm birth rates were lower among pregnancies with laparoscopic compared to open appendicectomy (8.3 vs 13.5%).
However, after adjusting for maternal and pregnancy factors, there was no significant association between surgical approach and preterm birth (Table 4) .
Secondary outcomes
Regardless of gestational age at surgery, appendicectomy during pregnancy was associated with increased risk of maternal morbidity and pre-labour caesarean section. Conversely, there was decreased risk of postpartum haemorrhage ( Among infants born to women with appendicectomy, there was increased risk (crude and adjusted) of neonatal morbidity.
Although there were slightly higher rates of neonatal readmission and low Apgar scores, there was no association after adjusting for maternal and pregnancy factors (Table 2) . Furthermore, there was no difference in the rate of perinatal deaths between pregnancies with appendicectomy and those without appendicitis (Table 2 ).
Compared to pregnancies with open appendicectomy, pregnancies with laparoscopic appendicectomy had higher rates of postpartum haemorrhage and lower rates of pre-labour caesarean section and low five minutes Apgar scores. However, these associations were not statistically significant after adjusting for maternal and pregnancy factors (Table 4 ). There were no differences in median length of hospital stay for appendicectomy admissions or perinatal mortality rates. .54) †Regression models adjusted for: maternal age, country of birth, maternal smoking and baby's birth year. ‡Labour onset information missing for 12 preterm births without appendicitis, therefore type of preterm birth (spontaneous or planned) could not be determined. §Preterm birth analyses exclude pregnancies with appendicectomy performed at ≥37 weeks. ¶Analyses of remaining study outcomes include all pregnancies with appendicectomy regardless of gestational age at surgery. † †Five or less. ‡ ‡Excluding pregnancies with appendicectomy and caesarean section performed in the same admission.
DISCUSSION
In this population-based retrospective cohort study, we demonstrated increased risk of preterm birth among pregnancies with appendicectomy compared to those without appendicitis.
Furthermore, we found increased risk of maternal and neonatal morbidity. There was no difference in maternal and neonatal outcomes between open and laparoscopic appendicectomy, although laparoscopic techniques were used more frequently at earlier gestational ages.
Strengths and limitations
This large population cohort study allowed us to examine a rare complication of pregnancy. We were able to assess time from surgery to birth, differentiate between spontaneous and planned preterm birth risk and evaluate the risk of adverse outcomes taking account of potential confounding from maternal and pregnancy factors.
There were a number of limitations with the use of routinely collected data. There was insufficient clinical detail to determine the acuity of appendicitis, indication for appendicitis or whether there was opportunity to defer surgery. We could not differentiate how many late-pregnancy appendicectomies followed new-onset appendicitis symptoms or were subsequent to conservative management in earlier pregnancy. Likewise, we were unable to identify cases of negative appendicectomy (normal histopathology).
Interpretation
Appendicectomy during pregnancy was associated with increased risk of spontaneous and planned preterm birth, even after adjusting for maternal and pregnancy factors. The overall preterm birth rate (10.6%) among pregnancies with appendicectomy in our study was comparable to the range (7.6-11.6%) reported elsewhere. 11, 20 Our results indicate that the timing of surgery is important.
We found appendicectomy at later gestational ages was associated with increasing rates of preterm birth. [21] [22] [23] While it has been TABLE 3 Proportion of pregnancies undelivered at the start of each gestational week by gestational age at appendicectomy suggested that surgical intervention and the underlying appendicitis increase the risk of preterm birth, 24 our findings indicate that a significant proportion of preterm births following appendicectomy at late preterm gestational ages were planned. This may be due to increased fetal monitoring of these pregnancies and early delivery to reduce perinatal morbidity or avoid fetal loss. Our study also demonstrates that the high risk of planned preterm birth is in part being driven by pregnancies with caesarean delivery and appendicectomy performed in the same admission.
Given the increased risk of preterm birth, availability of neonatal care or the need to transfer to a tertiary facility should be considered; as should the use of maternal corticosteroids and magnesium sulphate for neuroprotection (for those women with expected births <30 weeks gestation). Currently, there is no evidence to support the use of prophylactic tocolytics, although they may be used in threatened preterm labour. 25 While appendicectomy was associated with increased risk of maternal and neonatal morbidity, the absolute rates were low (<10%). Maternal morbidity is likely to reflect the presence of other health complications in women undergoing appendicectomy as we found higher rates of socio-economic disadvantage and chronic medical conditions among this group of women. The increased risk of neonatal morbidity is probably related to gestational age at birth; mirroring the increased risk of preterm birth.
There was suggestion of decreased risk of postpartum haemorrhage; which may be due to higher caesarean delivery rates (31.3 vs 28.8%). Reassuringly, there was no increased risk of perinatal death. Nevertheless, these results indicate the need for ongoing surveillance of women post-appendicectomy not only during pregnancy but also following birth.
There were significant changes in surgical management of appendicitis over the study period with increasing rates of laparoscopic and decreasing rates of open appendicectomies. We posit that practice was influenced by increasing use of laparoscopic techniques among the non-pregnant population 7 as well as the growing literature showing the feasibility and safety of laparoscopic procedures in pregnant women. 26 Current guidelines recommend laparoscopic appendicectomy as the treatment of choice for appendicitis during pregnancy 25 and we found no significant association between surgical approach and adverse maternal or neonatal outcomes.
Similar to other studies, 11, 21, [27] [28] [29] we showed that laparoscopic appendicectomies were more frequently performed at earlier
gestational ages than open appendicectomies. This may reflect historical recommendations to limit use of laparoscopic procedures to the second trimester, 25 disease severity or increased complexity and logistical considerations of surgery near the expanding gravid uterus. While antibiotic therapy instead of appendicectomy is recognised as an acceptable form of management in patients with uncomplicated appendicitis, 30 its role in appendicitis during pregnancy has not been established.
In summary, appendicectomy during pregnancy was associated with increased risk of spontaneous and planned preterm birth. The availability of resources to prevent or manage preterm labour should be considered when appendicectomy is performed at the gestational age of 20 weeks or more.
